dispersive X-ray spectroscopy (EDS) mapping were performed on a JSM-7800F field emission scanning electron microscope. The cross-sectional sample was prepared by freezing the composite electrode in liquid nitrogen and breaking it off.
The actual metal loadings of Pd/C catalysts were measured by a PerkinElmer ICP-OES (7300DV).
In-situ X-ray diffraction (XRD) patterns were collected with a Rigaku D/MAX 2500 diffractometer using a Cu Kα radiation ( λ = 1.5418 Å) radiation source at 40 kV and 300 mA. Firstly, the Pd/C catalyst which was pressed into a tablet was purged by 20% N 2 /CO 2 , and the signals were collected continuously to obtain a stable XRD pattern.
After that, the gas was switched to 20% H 2 /CO 2 so that the XRD pattern changes under H 2 atmosphere could be detected.
CO 2 reduction experiments
CO 2 reduction experiments were carried out in an H-cell which was separated by Nafion 115 as reported in our previous work. [29] Pd/C electrode or Pd/C-Pt/C electrode (1 cm×2 cm), Ag/AgCl and Pt wire were used as the working electrode, reference electrode and counter electrode, respectively. The potentials were controlled by an Autolab potentiostat/galvanostat (PGSTAT 302N). All potentials in this study were measured against the Ag/AgCl reference electrode and converted to the RHE reference scale using E (vs. RHE) = E (vs. Ag/AgCl) + 0.21 V + 0.0591 × pH.
CO 2 reduction was performed in 1 M KHCO 3 solution which was saturated by 20% N 2 /CO 2 or 20% H 2 /CO 2 . After 20% N 2 /CO 2 or 20% H 2 /CO 2 was purged into the 1 M KHCO 3 solution for 30 min to acquire corresponding saturated solution, controlled potential electrolysis was performed at each potential for 60 min. While the reduction performance at OCV was also measured in the same way without applying potential.
The gas products of CO 2 electroreduction were detected by an on-line micro gas chromatography (GC) (Agilent 490) equipped with a TCD detector and Molsieve 5A column continuously. The liquid products were analyzed on a Bruke AVANCE III 400
MHz nuclear magnetic resonance (NMR) spectrometer.
Isotope labeling experiment was operated by replacing saturated gas from 20% H 2 /CO 2 to 20% D 2 /CO 2 . HCOO -in the liquid products was quantified by 1 H-NMR spectrometry with water suppression by a pre-saturation method. Standard curve was made by using sodium formate (HCOONa·2H 2 O, Sinopharm Chemical Reagent Co. Ltd.) which was dissolved in 1 M KHCO 3 with different concentrations as standard solutions and 1-Propanesulfonic acid 3-(trimethylsilyl) sodium salt (DSS, Sigma-Aldrich) as internal standard substance. The measurements of standard solutions or our electrolytes were conducted by mixing 0.5 mL sample with 0.1 mL of 6 mM DSS, and D 2 O encapsulated into quartz capillary was added to lock field. While the DCOO -was quantified by 2 H-NMR spectrometry. The standard curve was made by using formic acid-D2 (DCOOD, J&K chemical) which was dissolved in 1 M KHCO 3 with different concentrations as standard solutions and dimethyl sulfoxide-D6 (DMSO-D6, Sigma) as internal standard substance. The measurements of standard solutions or our electrolytes were conducted by mixing 0.5 mL sample with 0.1 mL of 12.5 mM DMSO-D6, and D 2 O encapsulated into quartz capillary was added to lock field. We also measured the amount of D 2 O and HDO generated after constant-potential electrolysis at -0.2 V for 1 h by the 2 H-NMR spectrometry to evaluate the isotope exchange between adsorbed D and H + . The measurements of the D 2 O/HDO in the sample and water blank were similar to that of DCOO -, except that the internal standard was changed to DSS-D4 (J&K chemical) and DMSO-D6 (Sigma) was used to lock filed. solution.
